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ABSTRACT
THE IMPACT OF CHROMIUM ACCUMULATION 
IN AN ESTUARINE ENVIRONMENT
JUDITH MCDOWELL CAPUZZO
This study is an investigation of the effects of 
chromium wastes from the tanning industry on the benthic en­
vironment of the Great Bay estuary of southern New Hampshire. 
Three aspects were of major concern: (1) the accumulation of 
chromium in the sedimentary phase of the estuary and its use 
in predicting sedimentation rates; (2) benthic faunal diver­
sity at areas most affected by chromium accumulation; and 
(3) the effect of chromium accumulation on filtration rates 
and metabolic activity of the blue mussel Mytilus edulis L. 
and the soft-shelled clam Mya arenaria L.
To estimate the sedimentation rate and effect of 
chromium pollution in the Great Bay estuary, a series of 
cores were taken from the Cocheco, Salmon Falls, and Piscat­
aqua Rivers and analyzed for chromium content, size fractions, 
and combustible matter. Chromium concentrations were strong­
ly correlated with the clay-silt fraction of sediments and 
it was possible to distinguish between natural and artifi­
cial or enhanced levels of chromium. The results indicate 
that chromium is accumulating in higher than natural levels
at least in the upper reaches of the estuary and may he used
as an indicator of sedimentation rates.
The henthic community of the upper reaches of the
Great Bay estuary was studied in relation to the chromium
content of recent sediments and fluctuating salinity condi­
tions. As the distance from the discharge outlet of chro­
mium increased, chromium concentrations declined, salinity 
conditions became more stable, and a shift from a polychaete 
dominated community to an amphipod dominated community was 
observed. The low abundance of amphipod species at stations 
where great seasonal fluctuations in salinity and high chro­
mium concentrations prevail suggests that chromium accumula­
tion in recent sediments may be altering the community struc­
ture of the benthos in the upper reaches of the Piscataqua 
River of the Great Bay estuary. The association of chromium 
with the clay-silt fraction of sediment may present a greater 
physiological problem to populations of filter feeding organ­
isms than to other members of the benthic community. Defi­
nite conclusions concerning the impact of chromium accumula­
tion on benthic diversity can not be confirmed without addi­
tional chromium data and faunal diversity data from other 
benthic environments, as well as detailed information on the 
physiological tolerances of individual species.
A reduction of filtration rates in Mytilus edulis L. 
and Mya arenaria L. resulted with exposure to chromium con­
taminated sediments and pure clay suspensions with comparable 
concentrations of chromium. The degree of toxicity was depen­
dent on the nature of chromium exchange with the various clay 
minerals and the method of chromium uptake by the bivalves. 
Diffusion of chromium and ingestion of particulate matter 
were important routes of chromium uptake in Mytilus, but only 
uptake by diffusion produced toxic effects in Mya. The re­
duction of filtration rates was due to an impairment of the 
ciliary mechanism of the gill, particularly of the latero- 
frontal cilia. Reduction of oxygen consumption rates of ex­
cised gill tissue was observed with exposure to chromium and 
it is suggested that chromium interferes with an energy sup­
plying metabolic process. It can be concluded that high 
chromium sediments present a stress situation to the resident 
bivalves of the Great Bay estuary.
SECTION I
GENERAL INTRODUCTION
The discharge of waste material from industrial and 
domestic sources may have an impact on aquatic ecosystems. 
These wastes may be dispersed, degraded, or accumulate with 
little or no effect on the biological environment, or they 
may become pollutants, altering the environment to some de­
gree. The present study deals with the effect of chromium 
input from tannery wastes on the benthic environment of the 
Great Bay estuary in southern New Hampshire.
Many workers have studied the effects of soluble 
chromium on aquatic life. Douderoff and Katz (1953) reviewed 
much of the early literature concerning chromium toxicity to 
fish. Trivalent chromium (as chromic salts) and hexavalent 
chromium (as chromates and dichromates) have been demon­
strated to produce toxic effects in many species of fish. 
Factors such as pH (Ellis, 1937; Grindley, 19^6), temperature 
(Klassen et al., 19^9)» alkalinity (LeClerc & Devlaminck,
1950; Jones, 1939)» salinity (Kowalewski, University of New 
Hampshire, unpublished data), and the toxic compound used 
(Trama & Benoit, i960) had an effect on raising or lowering 
the median tolerance limit (TLm).
Chromium has also proved to be toxic to invertebrates. 
Nereis. a common marine polychaete, experienced heavy mortal­
ity upon exposure to concentrations as low as 2-10 ppm chro­
1
2mium; Carcinus maenas. the green crab, was susceptible to 
50 ppm chromium and the prawn Leander to 5 ppm chromium 
(Raymont & Shields, 1963)* Calabrese et al. (1973) have 
recently demonstrated the toxicity of trivalent chromium to 
embryos of the American oyster Crassostrea virginica (TLm - 
10 ppm Cr).
Exposure to sublethal concentrations of chromium has 
produced morphological and physiological disorders in differ­
ent species of fish. Fromm and Schiffman (1958) showed that 
exposure of the largemouth bass Micronterus salmoides to 
9^ ppm chromium caused strings of coagulated mucus to be 
excreted by experimental fish. Histological examination 
revealed extensive destruction of the intestinal epithelium. 
Stokes and Fromm (1965) observed an impairment of glucose 
absorption and utilization in the rainbow trout Salmo gaird- 
neri exposed to 2.5 ppm chromium. Exposure of the killifish 
Fundulus heteroclitus to sublethal concentrations of chromium 
(35 ppm and 70 ppm) caused a reduction in activity of intes­
tinal digestive enzymes (McDowell, University of New Hamp­
shire, unpublished data). With exposure to 35 ppm chromium, 
the activity of amylase and trypsin from intestinal extracts 
decreased to 21 fo and 50$ respectively of the activity of ex­
tracts from control fish, but no decrease in lipase activity 
was observed. Exposure to 70 ppm chromium caused a decrease 
in activity of the three intestinal enzymes assayed: amylase 
- reduced to 27$ of the activity of extracts from control 
fish; trypsin - reduced to 25$; and lipase - reduced to 65$.
3The results indicated that enzyme activity could be used as 
a bio-autopsy to monitor the degree of chromium toxicity on 
the intestinal mucosa of Fundulus heteroclitus.
The problem with many early studies dealing with the 
toxicity of chromium to aquatic organisms is that the concen­
trations of soluble chromium used may only be feasible in 
laboratory situations and may not be detected in the environ­
ment. The reactivity of trace metals with organic matter and 
fine particulate matter may lead to higher concentrations 
associated with sediments rather than the overlying water 
column of an environment. However, little attention has been 
given to the role of sedimentary chromium as a pollutant in 
aquatic ecosystems. The benthic fauna of an environment are 
in intimate association with the sediments of that environ­
ment, and thus may be important in the biogeochemical dis­
tribution of chromium under both natural and polluted envi­
ronmental conditions.
Three aspects of the benthic environment are of ma­
jor concern in this study in an attempt to estimate the im­
pact of chromium accumulation:
1. the accumulation of chromium in the sedimentary 
phase of the estuary and its use in predicting 
sedimentation rates;
2. benthic faunal diversity at areas most affected 
by chromium accumulation;
3« the effect of chromium accumulation on filtration 
rates and metabolic activity of the blue mussel
Mytilus edulis L. and the soft-shelled clam Mya 
arenaria L.
5SECTION II
THE USE OF MODERN CHROMIUM ACCUMULATIONS 
TO DETERMINE ESTUARINE SEDIMENTATION RATES
Introduction
Over the past few decades many new ways have been 
proposed to determine the rates at which estuarine sediments 
accumulate. One of the simplest is to map or photograph the 
same area with time and note the accumulation or erosion of 
sediment (Rusnak, 1967). Bloom (1968) placed layers of col­
ored "Christmas" glitter in salt marshes to determine the 
rates at which sediments accumulated. Within the last two 
decades, the carbon-1^ - method has been used extensively by 
estuarine investigators, especially in peaty samples to esti­
mate the rate of sediment accumulation (Redfield, 1967)-
This paper considers yet another method for deter­
mining the sediment rate in estuaries - especially those that 
are influenced by industrial pollution. The sedimentation 
rate can be obtained by knowing the approximate time the pol­
lutant was first introduced into the estuarine system and the 
fate of the pollutant after it entered the sediments. The 
problem studied was the injection of chromium into the Great 
Bay estuarine system of New Hampshire.
The Great Bay estuarine system (Fig. II-l) consists 
of a complex of low-lying, fairly well-mixed series of rivers
6and basins in the southern part of New Hampshire (Anderson, 
1970). The seven rivers which enter into this system com­
pose over 700 square miles of drainage and include the Coche- 
co, Salmon Falls (both forming the Piscataqua River), Bellamy, 
Lamprey, Oyster, Squamscott, and Winnicut Rivers (Jackson, C.,
19^4) •
A leather processing plant located on the banks of 
the Cocheco River in Dover, New Hampshire, has utilized a 
chrome tanning process since 19^ 0. The dichromate salts used 
in this process are difficult to recycle and become dissolved 
in the waste water discharge from the plant. The waste wa­
ters are sent directly to a sewage treatment plant, also lo­
cated on the Cocheco River just downstream from the tannery.
At the treatment plant, the tannery waste passes through 
coarse bar screens into a wet well from which it is inter­
mittently pumped into the primary clarifier. After sedimen­
tation, the effluents from the tannery and domestic sewage 
are mixed and dumped into the Cocheco River. In 1968 the 
tannery discharged 112,860,500 gallons of waste (A. Richards, 
Sewage Treatment Plant, Dover, N. H., personal communication, 
I969) with a dichromate content of 3550 pounds/million gal­
lons (Chapman, 1967).
With this great annual discharge of chromium, accom­
panied with the presence of a large amount of organic matter, 
one would assume that the sediments of the Cocheco River at 
points downstream from the tannery and sewage treatment plant 
would contain rather high concentrations of chromium. In a
7pilot study conducted in the fall of 1969. six Eckman grab 
samples were taken within a 1000 m distance from the sewage 
outlet. These sediment samples contained between 393 and 
4-00 ppm chromium. One grab sample taken upstream from the 
tannery showed a concentration of only 7 ppm (P« J- Sawyer, 
Dept, of Zoology, University of New Hampshire, unpublished 
data). The major questions derived from this early study 
were three-fold:
1. Is chromium accumulating in other areas of the 
estuary?
2. How do chromium values in recent sediments compare 
with sediments of a pre-industrial era?
3- Can the rate of recent sedimentation be determined?
Background
The scarcity of comparative data concerning chromium 
concentrations in estuarine sediments makes it difficult to 
distinguish between normal and abnormal concentrations. The 
source of chromium into the estuarine system can be two-fold:
(1) a natural source due to the weathering of rocks; and
(2) an artificial source due to industrial pollution.
Studies by many workers (Goldberg, 195^ . Krauskopf,
1956; Holland, I965* Spencer et al., 1972) have shown that
the processes controlling trace metal distribution are:
(1) silicate or mineral equilibria and transport; (2) the pre­
cipitation of sulfides; (3) the coprecipitation with iron and 
manganous oxides; and (^ ) biogenic uptake and transport.
Figure II-l: Map of Great Bay, New Hampshire, show­
ing the Great Bay area proper and its seven fresh­
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Chester (I965) indicated that the oceanic concentra­
tion of sedimentary chromium is quite variable and somewhat 
geographically dependent. Goldberg and Arrhenius (1958) 
found the chromium content to be strongly correlated with 
certain ferro-magnesian minerals (augite) and, to some ex­
tent, clay minerals. Frohlich (i960) and Hirst (I962) also 
concluded that chromium was associated with micas and various 
clay minerals. Later work by Shimp et al. (I97I) on Lake 
Michigan sediments showed high correlations of chromium with 
organic matter and iron oxide. Turekian (I97I) concluded 
that trace metal cations would be strongly associated with 
stream-borne detritus, their transport following the behavior 
of particulate matter. However, anionic species (chromium 
occurring as chromate) are not effectively absorbed by par­
ticulate matter, and thus more variation in distribution 
would occur.
In Piper's work (1971) on an anoxic fjord, chromium 
was associated with suspended matter only in the upper 20 m 
of the water column where oxygenated waters prevailed. At 
low pH values (^6.9) and high reducing potentials (-0.107 
volts) the solubility of chromium is enhanced, thus negli­
gible amounts of chromium were found deposited in the sedi­
ments of the area studied. Great Bay waters are highly oxy­
genated with a pH value of ~8.0, therefore it is assumed 
that the major portion of chromium in the estuary is depos­
ited in the sediments, the result of settling suspended mat­
ter. Bonatti et al. (1971) indicated that there is a ten-
11
dency for post-depositional migration of chromium to lower 
levels of deep-sea cores where reducing potentials are very 
high (-4-50 millivolts). They suggested that an under esti­
mation of chromium in surface sediments would be apparent.
Biogenic factors such as active uptake of trace ele­
ments (Brooks & Rumsby, 1965; Pringle et al. , 1967) and bio- 
turbation (Winston & Anderson, 1971) also play an important 
though sometimes ignored role in elemental distribution. The 
recycling capabilities of benthic organisms may provide an 
active long term supply of trace elements (Hood, 1969)-
Materials and Methods
Sediment cores were taken with a 6 ft., 2 inches diam­
eter, 300 lb. gravity core at seven stations seaward of the 
sewage discharge outlet in the Cocheco River. The cores were 
extruded, split in half lengthwise and sub-sampled at 5 cm 
intervals. The sediment samples were air dried at 22°C, then 
a sample split of approximately 25 g was ashed at 550°C to 
remove the organic matter present. The weight loss on ashing 
is termed "per cent combustibles" and is related to the organ­
ic content of the sediment (Jackson, M., 1958). The ashed 
samples were transferred to 100 ml beakers, covered with 10% 
hydrochloric acid, and boiled for thirty minutes. Sufficient 
acid was added during the boiling process so the samples 
would always be covered with HCl. The samples were cooled 
and then filtered with a Millipore <B> filtering system, first 
using a coarse filter and then a 0.4-5 urn Millipore® filter.
12
The residue was washed with distilled water and the resulting 
filtrate was diluted with distilled water to bring the final 
volume to 100 ml. The amount of chromium in each sample was 
determined by atomic absorption using a fuel-rich flame. 
Values were compared with aqueous standards of known chromium 
concentrations (C. L. Grant and P. Pelton, Center for Indus­
trial and Institutional Development, University of New Hamp­
shire, Durham, N. H., 1972, personal communication). The 
concentrations of chromium are reported as ppm acid soluble 
chromium / total dried weight of sediment.
Size analysis of the gravel, sand, and mud (^ 62um) 
fractions were carried out by wet sieving a sample split and 
retaining and weighing the gravel fraction (>2 mm) and the 
sand fraction (-^62 urn) and pipetting the mud fraction (Folk,
1965).
Discussion
The seven stations were chosen to give representative 
samples both of sediment texture and distance "downstream" 
from the discharge outlet. Based on other findings (Manheim, 
I965) and comparison of other cores (P. Armstrong, Dept, of 
Earth Sciences, University of New Hampshire, Durham, N. H., 
1972, personal communication) the natural level of chromium 
in the Great Bay sediments seems to be between 7 and 37 ppm. 
This natural level is based on various factors which will be 
discussed below.
Station 1 in the Cocheco River is closest to the dis­
13
charge point and provides an upper level limit for the rest 
of the samples. Figure II-2 shows that there are high con­
centrations of chromium in the upper 25 cm of sediment; below 
this a relatively constant base level is maintained. The 
highest concentration in sample 1 is 221 ppm, found in the 
upper 5 cm. Lower, but still relatively high, values are 
found from 5 to 25 cm. Keeping the results of Bonatti et al. 
(1971) in mind it would seem apparent that the high levels of 
chromium in the core would be due to accumulation and not 
post-depositional migration. The sedimentation rate, based 
on the introduction of additional chromium beyond the natural 
base level since 19^0 by the tannery, would be 0.78 cm/year. 
It is assumed that a constant rate of sedimentation is occur­
ring in the estuary. Even though there are various periods 
of erosion and deposition, historical data indicate that 
there is a net accumulation of sediment in an estuarine envi­
ronment. Based on these assumptions the sedimentation rates 
are actually average values of net sedimentation.
Station 2, just above the mouth of the Salmon Falls 
River, indicates the amount of chromium being backwashed on 
the flood tide into the Salmon Falls River. The highest con­
centration is 77 ppm found in the upper 5 cm. Low concentra­
tions are found below the 10 cm mark (Fig. II-3).
Station 3 is at the mouth of the Cocheco River at the 
head of the Piscataqua River. Inspection of Figure I I r e ­
veals high concentrations of chromium in the upper 10 cm of 
the core, and a somewhat variable base level below this. The
14
highest concentration of chromium is 72 ppm found in the up­
per 5 cm. The sedimentation rates of samples 2 and 3 "based 
on chromium content would "be 0.31 cm/year.
The remaining samples are from the Piscataqua River, 
progressing seaward. These samples, as expected, show a de­
crease in chromium content as the distance from the point of 
injection increases (Fig. II-9). Station 4 is the first sta­
tion progressing seaward. Figure II-5 shows a high concentra­
tion of 56 ppm in the upper 5 cm, a slightly high concentra­
tion of 20 ppm to the 10 cm mark, and then a variable base
level below this.
Station 5 is the second in this series. Figure II-6 
reveals that this core is extremely variable in chromium
content with a high of 44 ppm in the upper 5 cm.
Station 6 is similar to station 4 in regards to chro­
mium content. A high value of 56 ppm is found in the upper 
5 cm, with a slightly high value of 18 ppm to the 10 cm mark; 
relatively constant values are found below this mark (Fig. 
II-7)•
Station 7» the last in the series, is located at the 
junction where the waters draining Great Bay mix with those 
of the Piscataqua River. Figure II-8 reveals some variation 
in the upper 15 cm, and relatively constant values below this. 
The highest concentration of 47 ppm is found in the 5-10 cm 
layer. Lesser values of 29 ppm and 25 ppm are found above 
and below this layer respectively.
The sedimentation rates at stations 4, 5» and 6 based
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Figure II-2: Comparison of chromium concentration
















Figure II-3: Comparison of chromium concentration











Figure 11-^: Comparison of chromium concentration

















Figure II-5: Comparison of chromium concentration


















Figure II-6: Comparison of chromium concentrations
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Figure II-7* Comparison of chromium concentration 


















Figure II-8 : Comparison of chromium concentration 










Figure 11-9* Graph showing decrease in high chromium 
concentrations with distance from the point of dis­










i— I— I— I— I— I— I






on chromium content would he on the order of O.I6-O.3I cm/ 
year. Station 7 may have a slightly higher sedimentation 
rate of 0.4-7 cm/ year.
Since natural levels of chromium may he correlated 
with the fine-sediment fractions and organic fractions (Froh- 
lich, i960; Hirst, 1962; Shimp et al., 1971)» the % fines and 
combustible matter were determined for each sample. The 
base levels of chromium, samples taken below the high chromium 
mark of each core, were correlated with % fines and % combus­
tible matter. The correlation coefficients for fourty-two 
samples are as follows:
chromium:^ fines 0.63
chromiumcombustible matter 0 .51*
Although these correlation coefficients are weak, for 
this number of samples the linear relationship is significant 
enough to say that chromium is somewhat dependent on these 
parameters (Dixon & Massey, 1969)• However, it has long been 
known that the organic content of estuarine sediments is de­
pendent on the amount of fine material; therefore, these two 
variables should not be considered separately. By calculating 
a multiple regression coefficient between chromium content 
and fines plus combustible matter (0.64-3), one accounts for 
over 4-0% of the variability of the base-level chromium con­
tent. Figure 11-10 is a three-dimensional graphic represen­
tation of these data, comparing base levels and high levels 
of chromium.
Station 5 which is extremely variable in chromium con-
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Figure 11-10: Graphic representation of the rela­
tionship of chromium concentration, fine sediment, 
and combustible matter in sediments of Great Bay. 
Chromium concentration, the dependent variable, is 
plotted on the vertical axis. The graph takes the 
shape of a rectangular box, with the high levels of 




• Natural Levels 
▼ High Levels
Table II-l
Sediment Composition and Chromium Content of Samples
Denth-cm nnm Cr % Comb. Mat. % Gravel % Sand % Fines
Station 1
0-5 221 10.4 2.5 51.0 46.5
5-10 135 10.9 4-. 6 52.7 42.7
10-15 65 7.1 5-7 48.2 46.1
20-25 94 8.7 10.3 18.2 71.5
30-35 9 3.6 0 .2 55.6 44.2
50-55 17 4-.5 1.9 58.2 39-9
Station 2
0-5 77 6.6 1.4 7 1.4 27.2
5-10 38 7-6 0.4 38.8 60.8
10-15 18 6.5 6-9 57.4- 35.7
20-2 5 10 6 .1 0.6 5 0.4 49.0
30-35 7 3-5 0.9 65.6 33-5
50-55 15 6.5 0.1 63.0 36.9
Station 3
0-5 72 6.0 2 .8 68.6 28.6
5-10 28 5.2 2.5 69.5 28.0
10-15 12 7-1 0.1 49.3 50.6
15-20 9 6 .0 0 .2 48.5 51.3
20-25 14 20.6 0.1 34.3 65 • 6
25-30 9 10.3 0.1 36.7 63.2
30-35 9 11.6 0.0 42.2 57-8
35-40 8 9.4 0.2 55.8 44.0
2f0-4-5 9 8.5 0.4 61.0 .38.6
4-5-50 11 5-5 0.4 68.5 31.1
Table II-l cont'd.





















































2.4 67 .4 30.2
3.7 64.4 31.9
Table II-l cont'd.







5-10 47 6 .3
10-15 25 7.0
15-20 16 7-3
20-25 .17 6 .8
































tent can tie better understood now in light of the dependency 
of chromium on fine grained and organic sediment. Inspection 
of Table II-l reveals that at station 5 "the sample with the 
highest chromium content of *j4 ppm has a fine-sediment con­
tent of 2k.'jfo. The chromium content in the upper 10 cm does 
not seem significantly higher than that of levels deeper in 
the core; however, when related to the per cent of fine sed­
iment and combustible matter present, it is much higher than 
what may naturally occur in a sandy sample, thus indicating 
an artificial source of chromium. Examination of other cores 
in this series supports this hypothesis (Table II-l; Fig. 
11-10).
Variation in the upper 15 cm of sample 7 may be due 
to bioturbation, a biological activity caused by the movement 
of polychaetes and bivalves within the sediment. Winston and 
Anderson (1971) indicated that the upper 10 cm of this area 
was greatly affected by bioturbation.
The high values of chromium in this study agree with 
those found in other studies of sediments in polluted coast­
al environments (Pearce, 1969; Pheiffer, I972).
Conclusions
It can be concluded from these data that chromium 
is accumulating in the sediments of the Great Bay estuary at 
higher than natural levels. The sedimentation rates deter­
mined from chromium accumulation ranged from 0.16 to O .78 cm/ 
year. These values agree with the sediment accumulation rate
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of 0.15 - 0.60 m/ 100 years that Rusnak (I967) estimated for 
modern estuaries. Carbon-1^ dating of sediments of the Hamp­
ton estuary of New Hampshire also supports these values. The 
values determined by ^C dating were 3-7 x 1 0 to 7.7 x 10"*^  
ft./ year ( 0.11 - 0.23 m/ 100 years ) (Keene, 1970). In 
estuaries that; are affected by industrial pollution, partic­
ularly with an increased input of trace metals, this tech­
nique is recommended as an inexpensive but effective method 
of estimating sedimentation rates.
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SECTION III
FAUNAL DISTRIBUTION OF THE 
UPPER REACHES OF THE PISCATAQUA RIVER
Introduction
The faunal component of the estuarine benthos is 
dependent on the physical, chemical, and biological condi­
tions of the estuary (Carriker, I967). Many workers have 
documented the influence of salinity (Boesch, 1972; Burbank 
et al., 1956; Gunter, I96I; Kinne, 1964, 19^ 7» and Sanders 
et al., 1965)» temperature (Kinne, 1963. 1964, 1967). and 
sediment type (Dexter, 1944; Lee, 1944; Sanders, i960; 
Stickman & Stringer, 1957; and Young & Rhoads, 1971) on the 
distribution of faunal species. In recent years increasing 
attention has been placed on the effect of domestic and 
industrial pollution on estuarine and marine populations 
(Dean & Haskin, 1964; Leppakoski, 1968; Mackay et al., 1972; 
Pearce, 1970; Pearson, 1972; Reish, I96O; and Wass, 1967)- 
It was concluded that in estuaries dominated by long term 
pollution unstable and erratic environments emerge (Copeland, 
1970). This study is an attempt to estimate the impact of 
chromium accumulation from tannery wastes on the distribu­
tion of benthic fauna in the upper reaches of the Piscataqua 
River.
Materials and Methods
Five stations were selected in the upper reaches of 
the Piscataqua River to give representative samples of the 
benthic fauna (refer to Fig. II-l for station locations). 
Three replicate samples were obtained at each station during 
October 1971» and single samples during May 1972 with a
0.04- m Shipeck grab sampler, operated from the R/V Jere 
Chase. Samples were sieved through a 0.5 mm mesh screen 
and organisms were preserved in 10$ (volume) buffered forma­
lin. Bottom salinity, bottom temperature, and sediment 
characteristics were recorded at each station. Salinity 
was determined by AgNO^ titration. Animals were sorted and 
identified to family according to the classification given 
by Gosner (1971)•
Results
Temperature data at the five stations indicated no 
significant thermal variations among the stations, but sea­
sonal variability did occur. Fall and spring salinities 
were recorded during ebb tide, and lesser salinity fluctu­
ations were observed at the more seaward stations. The bot­
tom substrate at all stations has a muddy-sand consistency 
with occasionally heavy peat accumulations. Chromium con­
centrations, associated with the clay-silt fraction of sedi­
ment, gradually decreased at the more seaward stations, as
in
the distance from the discharge outlet increased. It was 
established in Section II that the distribution of chromium 
was associated with the sedimentation rates of the Piscata­
qua River. A slight increase in chromium content at station 
6, a station 10.0 km from the discharge outlet, may be ex­
plained by an increase in sediment accumulation in recent 
years at this station. The physical and chemical data of 
the five stations are presented in Table III-l. Chromium 
concentrations, size fractions, and combustible matter data 
were obtained from Section II.
A list of the families represented at each station
2and their extrapolated abundance per m is given in Table 
III-2. Polychaetes dominate the benthic fauna at stations 
3, and 5» particularly representatives of the Families 
Phyllodocidae, Spionidae, and Orbiniidae; large numbers of 
oligochaetes (Family Enchytraeidae) are also observed. Rep­
resentatives from other groups of animals, such as the pele- 
cypod Families Myidae and Mytilidae, the gastropod Families 
Nassariidae and Hydrobiidae, the tunicate Family Molgulidae, 
and the barnacle family Balanidae, are observed occasionally 
at high frequency. There is a low percentage of amphipods 
at these stations, a peculiar phenomenon since amphipods are 
important components of nearly all benthic communities 
(Pratt, 1973)- However, a general decrease in species di­
versity would be expected with decreasing salinities (Boesch, 
1972). At station 6 polychaetes are again the dominant group 
of animals; the Families Phyllodocidae, Spionidae, and Orbini-
kz
idae appear most frequently, tout a greater diversity of poly- 
chaete families are represented at this station than at sta­
tions 3» and 5« The oligochaete Family Enchytraeidae and 
the pelecypod Family Mytilidae are also abundant; however, 
there is a significant increase in the number of amphipods 
collected at this station, particularly representatives of 
the Family Ampeliscidae. Amphipods become the dominant group 
of animals at station 7; representatives of the Families 
Ampeliscidae, Aoridae, Corophiidae, and Phoxocephalidae are 
abundant at this station. Polychaete and oligochaete fami­
lies occurring at high frequency at other stations are also 
abundant at station 7> Figures III-l, III-2, III-3, III-^, 
and III-5 are graphic presentations of the relative abun­
dance of different groups of animals during the fall and 
spring at each of the five stations.
The most significant faunal change among different 
stations is the relative abundance of amphipods. As the 
distance from the discharge outlet of chromium increases, 
the per cent abundance of amphipods increases. At the more 
seaward stations lower chromium concentrations are detected 
in the sediment and more stable salinity conditions prevail. 
However, the highest chromium concentration based on % fine- 
sediment content is found at station 6, the station where 
amphipod diversity and abundance is significantly increased. 
This would seem to indicate that chromium concentration alone 
is not limiting amphipod distribution and the interaction of 
environmental factors must be considered.
Table III-l
Physical and Chemical Data of the Upper Reaches of the Piscataqua River
Station # j}
Temperature (14/X/71), °C I3.8
Temperature (I6/V/72), °C 13-5
Salinity (14/X/71), 0/00 18.70
Salinity (16/V/72), 0/00 1.74
Distance from discharge, km 4.25





(based on % Fines) 252
% Combustible Matter 6.0
i I 6 1
14-. 7 14.5 15.5 14-.7
13.0 I3.0 11.5 11.0
18.83 21.02 25.57 29.00
2.4-9 10.62 17.83 18.00
5.10 7.25 10.00 11.00
56 44 56 47
1 .0 0 .2 3-0 0.3
76.0 75-1 77.4- 34.5
23.0 24-. 7 19.6 65.2
24-3 178 286 72
4-.2 5-0 4-.8 6.3
Table III-2
Families Represented in the Benthos of the Upper Reaches of the Piscataqua River
Numbers/m^
Station # 21 2S 4F 4S 21 is 6F 6S 2F 2S
Annelida, Polychaeta
Phyllodocidae 1725 1650 358 300 1017 75 2225 225 50 -
Polynoidae - - - - - - - - 33 25
Nephtyidae 33 - 8 - 25 - 33 25 67 -
Nereidae 250 75 50 250 50 50 I83 175 150 25
Capitellidae - - - - - - 8 - - -
Arenicolidae 8 - - - - - - - - -
Maldanidae - - - - - - 83 500 783 425
Spionidae 1108 950 142 375 917 225 1467 1500 1175 75
Magelonidae - - 17 - 17 - 8 475 17 -
Orbiniidae 492 750 150 550 933 1475 3158 2450 II67 350
Cirratulidae - - - - - - 233 125 175 25
Ampharetidae - - - - - - 8 - 8 -
Terebellidae - - - - - - 17 - - -
Flabelligeridae - - - - - - - - 8 -
Annelida, Oligochaeta
Enchytraeidae 1008 4-00 400 575 ^33 675 900 5200 817 250
Aschelminthes, Nematoda
Nematodes 17 - - - - - 83 50 108 -
Platyhelminthes, Turbellaria
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Dexaminidae _ _ _ _ _
Gammaridae - - 8 -
Haustoriidae - 325 25
Ischyrocercidae 8
Phoxocephalidae _ _ _ _ _
Caprellidae -
Paratanaidae 33 - - -• 92
Diastylidae 8 - - - -
Bodotriidae 25



















Figure III-ls Relative abundance of major faunal
groups at station #3- Refer to Figure II-l for sta­
tion location.
Station 3
H i  fa l l  
spring
_ Other Other 
Crustaceans Groups
49
Figure III-2: Relative abundance of major faunal
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Figure III-^s Relative abundance of major faunal
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Figure III-5* Relative abundance of major faunal
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The correlation coefficient for distribution of 
amphipods dependent on the distance from the discharge of 
chromium is 0.792, a highly significant value at the 5% 
level. Attributing this distribution to be associated 
with sedimentary chromium concentrations and salinity fluc­
tuations, a multiple regression analysis was computed with 
% amphipod distribution as the dependent variable and chro­
mium concentrations and salinity as the independent variables. 
A multiple correlation coefficient of 0.799 was obtained; 
however, the chromium concentration had a stronger influence 
statistically on the distribution of amphipods with a single 
correlation coefficient of -0 .7 25 (significant at the 5$ 
level). The correlation coefficient of % distribution of 
amphipods and salinity is 0.5^6 (significant at the level).
The results indicate that although representatives 
of many groups of animals are found at each station, there 
is a distinct lower percentage of amphipods at stations with 
high chromium concentrations and wide salinity fluctuations.
Discussion
Temperate and boreal estuaries are physically con­
trolled environments, dominated by fluctuating physical con­
ditions and characterized by a small number of species per 
unit number of individuals (Sanders, I969). Estuarine fauna 
are organisms that must adapt behaviorally and physiologically 
to these fluctuating conditions and thus may tolerate wide 
ranges of salinity and temperature (Kinne, 1967), as well as
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other environmental factors. Faunal distribution in this 
study has been correlated with salinity and the accumulation 
of chromium in the sedimentary layers of the estuary.
Faunal diversity in an estuarine environment generally 
decreases in the upper reaches of the estuary where wider 
salinity changes occur. Boesch (1972) observed a distinct 
faunal change between the polyhaline and mesohaline zones of 
estuaries in Virginia. The complexity of the benthic com­
munity and species diversity was highest in the polyhaline 
zone and gradually decreased in the mesohaline and oligohal- 
ine zones. In a study of the Pocasset River in Massachusetts 
(Sanders et al. , 1965)» a fluctuating estuary<f the dominance 
of the infauna of the benthic community was correlated with 
a more stable salinity regime in the sedimentary layers dur­
ing the tidal cycle as compared with the overlying water 
column. The infauna presumably were exposed to less physi­
ological stress than the epifauna. However, salinity condi­
tions in a fluctuating estuary are more predictable than in 
a gradient estuary, such as Great Bay, where seasonal vari­
ations in rainfall, land run-off, and drought exhibit a 
strong influence. The minimum number of species in a gradi­
ent estuary would be expected in the middle reaches of the 
estuary where the greatest salinity fluctuation occurs. Both 
infauna and epifauna would have to adapt to physiological 
stress in a gradient estuary.
Many workers have studied the effect of pollution 
from both domestic and industrial sources on benthic environ­
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ments. Stirn (1970) concluded that the primary effect of 
pollution is a disorder within an organism or group of organ­
isms , with the development of secondary changes in environ­
ments and communities. Pollution can induce these changes 
in different ways depending on the nature of the pollutant. 
Organic pollutants from domestic sources are generally non­
toxic, hut indirectly they may alter chemical and physical 
factors in the environment, e. g., reducing oxygen availa­
bility (Bagge, I969)» resulting in physiological stress in 
a previously normal ecosystem. This stress allows tolerant 
species to dominate, causing a reduction in faunal diversity. 
Toxic pollutants from domestic and industrial sources direct­
ly alter the biological environment; tolerant species again 
dominate, but an extreme reduction in diversity occurs.
Reish (i960) and Wass (I967) suggested the use of 
indicator organisms to estimate the impact of pollution on 
marine benthic environments. In Reish's studies on polluted 
environments, representatives of the polychaete Families 
Capitellidae, Hesionidae, Dorvilleidae, and Spionidae were 
abundant in polluted and unpolluted areas. Distribution of 
other faunal groups was related to the degree of pollution. 
Filice (195*0 classified bottom fauna of areas affected by 
pollution into three zones; (1) a healthy zone, where normal 
faunal associations exist; (2) a marginal zone, characterized 
by the polychaetes Capitella capitata. Nereis succinea, 
Streblosnio benedicti, and the bivalves Mya arenaria and 
Macoma inconspicua; and (3) a zone devoid of animals. Simi-
6o
lar situations with slight differences in the abundant fauna 
were observed by Leppakoski (I968), Pearson (1972), Persoone 
and dePauw (I968), and Tulkki (I968) in response to both do­
mestic and industrial pollution. Stirn (1970), however, ad­
vised against the use of indicator organisms to detect pol­
lution. Many organisms that are dominant in polluted envi­
ronments are also important components of unpolluted envi­
ronments .
Fluctuating salinity conditions in estuarine environ­
ments complicate pollution problems and our attempts at anal­
yses and solutions, perhaps due to an enhancement of physi­
ological stress on resident fauna. Bagge (I969) observed a 
change in the dominant organisms of polluted estuaries with 
changes in salinity conditions. Oligochaetes and chironomids 
were dominant in the oligohaline and mesohaline zones of pol­
luted estuaries, while the polychaete Families Capitellidae 
and Spionidae were most abundant in the more saline areas.
The repopulation of an estuary after pollution abatement was 
studied by Dean and Haskin (196 )^. Nereids, spionids, the 
common bivalves Mya and Macoma, and the barnacle Balanus 
improvisus were the dominant organisms before pollution 
abatement. The amphipods Anrpelisca sp. and Carinogammarus 
mucronatus and the isopod Cyathura polita were not abundant 
in areas of low salinity. After domestic and industrial pol­
lution abatement, these species penetrated areas of low sal­
inity, accompanied by a reduction in numbers of the indica­
tor polychaetes.
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In studies associated with high trace element con­
centrations distinct faunal changes have occurred. Mackay 
et al. (1972) observed a shift from a molluscan-echinoderm 
community to a strongly dominant polychaete community in an 
area affected by sewer sludge with high concentrations of 
copper and chromium. Boesch's (1973) comparison of the Eliza­
beth River, an estuarine system heavily polluted with pesti­
cides and trace metals, with other rivers in the Hampton 
Roads area of Virginia revealed an exclusion of some species 
(e. g., the gastropod Retusa canaliculata) and a greater abun­
dance of other species (Nereis succinea, Mya arenaria. and 
Scoloplos fragilis) associated with this pollution. Severe 
reduction of benthic fauna in the New York Bight due to heavy 
metal contamination of dredge spoil wastes was observed by 
Pearce (1970). The limited benthic fauna were characterized 
by a few dominant bivalves (Spisula solidissima and Tellina 
sp.), polychaetes (Prionospio malmgreni and Spiophanes bombyx) 
and a distinct absence of amphipod species. Only two species, 
Unciola irrorata and Monoculodes edwardsii. occurred in se­
verely polluted areas. Pearce suggested that amphipods might 
be more sensitive to pollution than other groups of animals, 
and this suggestion has been supported by the findings of 
Fincham (I969) and Sanders et al. (1972).
Recent research has studied the adaptation of marine 
polychaetes and bivalves to high trace metal concentrations 
in their environment. Cross et al. (1970) suggested that 
polychaetes might play an important role in the biogeochemi­
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cal cycles of trace metals in the estuarine environment "be­
cause of their association with the sediment and the affinity 
of trace metals for organic detritus. Bryan and Hummerstone 
(1971, 1973 a, 1973 "b) studied the adaptation of Nereis 
diversicolor to copper, manganese, zinc, and cadmium. This 
polychaete demonstrated great variation in its regulation of 
the different metals. The concentration of copper in Nereis 
diversicolor paralleled the concentration in the surrounding 
sediment. Uptake of copper over the body surface seemed to 
be the most important entry pathway. In animals from copper 
polluted areas, the metal was found deposited in the epi­
dermis of the body wall and in parts of the nephridia. Spec­
imens of Nereis diversicolor from copper polluted areas devel­
oped a tolerance for copper distinctly different from that of 
specimens from unpolluted areas. The uptake of manganese 
from areas of manganese pollution by Nereis diversicolor was 
directly dependent on the concentration of manganese in the 
interstitial water of the sediment and indirectly dependent 
on the salinity. Manganese accumulation in this polychaete 
occurred in two forms: a slowly exchanging pool, apparently 
the manganese needed for biochemical functions; and a more 
rapidly exchanging pool dependent on the factors mentioned 
above. The accumulation of cadmium was similar to that of 
copper, the concentrations in the polychaetes being directly 
proportional to concentrations found in the surrounding sedi­
ment. Zinc, however, was apparently regulated by Nereis 
diversicolor resulting in a rather constant level in body
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tissue, regardless of the concentration in the sediment. 
Specimens exposed to high zinc sediments regulated zinc more 
efficiently and were more resistant to the toxic effects of 
zinc than specimens from low zinc areas.
Brooks and Rumsby (1965) and Pringle et al. (I967)
have documented the accumulation of trace elements by bi­
valve species in great excess of concentrations found in sed­
iment and the overlying water column. Brooks and Rumsby sug­
gested five mechanisms of uptake by bivalves:
1. particulate ingestion of suspended material;
2. ingestion of elements via pre-concentration in 
food material;
3- complexing of metals by coordinate linkages with 
appropriate organic molecules;
the incorporation of metal ions into physiologi­
cally important systems;
5. uptake by exchange onto mucous sheets.
Raymont (1972) compared his results on iron, zinc, 
and copper concentrations in estuarine sediments from South­
ampton, England with results obtained by Romeril (I97I) on 
concentrations of these elements in Mercenaria mercenaria 
taken from this area. These metals, taken up by the bivalve 
in particulate form, were concentrated to a greater degree 
in the bivalve tissue than in the sediments. Hobden (I967) 
demonstrated the uptake of iron associated with particulate 
matter by Mytilus edulis, a strong correlation existing be­
tween the iron content of the tissue and the turbidity of
6k
the water.
The results of the present study indicate that a 
community strongly dominated by polychaetes exists in the 
upper reaches of the Piscataqua River, presumably associated 
with the high chromium concentrations of recent sediments and 
wide salinity fluctuations. The low percentage of amphipods 
at stations where severe conditions are found suggests that 
chromium accompanied with fluctuating salinity may present 
amphipod species with a physiological stress to which they 
can not adapt. Further information on the physiological tol­
erance of individual species is necessary before this hypoth­
esis can be adequately tested.
The association of chromium with the fine (clay-silt) 
fraction of sediment may present a greater pollution problem 
to the filter-feeding organisms of the benthic community than 
to the deposit-feeding organisms. Contact through feeding of 
only the fine suspended matter by filter-feeders magnifies 
the concentration of chromium to a far greater extent than 
ingestion of the total sediment by deposit-feeders.
Ampeliscid amphipods appear to be the most important 
group of amphipods at the stations investigated. Anrpelisca 
abdita and Amnelisca vadorum, two sibling ampeliscids of ma­
rine communities (Mills, I967), are tube dwelling organisms 
varying in their sediment preference. A. abdita, a resident 
of fine sediment areas, is a selective deposit-feeder and an 
occasional filter-feeder, ingesting fine particulate matter. 
The extrusion of fecal rods results in an accumulation of
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fine sediment about the tube (Mills, 1969)- The accumulation 
of fine sediment, and the associated chromium concentrations, 
near tubes formed by ampeliscid amphipods of the Piscataqua 
River would enhance these species' exposure to chromium, per­
haps creating a stress environment for the tube dwellers and 
causing a reduction in numbers.
The uptake of particulate matter by filter-feeding 
bivalves resulting in the accumulation of trace metals may 
be an important biological route for the cycling of chromium 
in the benthic community of the Piscataqua River. However, 
accumulation of chromium in molluscan tissues may alter im­
portant biochemical functions, while other organisms from the 
same area may not be affected. Subtle behavioral and physio­
logical changes in filter-feeding organisms may provide an 
index to the severity of chromium accumulation in an estu- 
arine environment.
Conclusions
The benthic community of the upper reaches of the 
Piscataqua River was studied in relation to the chromium con­
tent of recent sediments and fluctuating salinity conditions. 
As the distance from the discharge outlet of chromium in­
creases, accompanied with declining chromium concentrations 
and more stable salinity conditions, a shift from a poly­
chaete dominated community to an amphipod dominated community 
is observed. The low abundance of amphipod species at sta­
tions where severe conditions are found suggests that chromium
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accumulation in recent sediments may be altering the communi­
ty structure of the benthos in the upper reaches of the Pis­
cataqua River. Definite conclusions concerning the impact 
of chromium accumulation on benthic diversity can not be made 
without, additional chromium and faunal diversity data from 
other benthic environments and detailed information on the 
physiological tolerances of individual species.
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SECTION IV
EFFECT OF CHROMIUM ON FILTRATION RATES 
AND METABOLIC ACTIVITY 
IN MYTILUS EPULIS L. AND MYA ARENARIA L.
Introduction
Recent sediments in the upper reaches of the Great 
Bay estuary contain high concentrations of chromium associ­
ated with the fine (clay-silt) fraction of sediment due to 
the input of chromium from tannery wastes (Capuzzo & Anderson, 
1973; Section II). Since clay particles are of such a size 
(/• 4 urn) (Krumhein, 1955) that may he filtered and retained 
by filter-feeding bivalves (Moore, 1971). particulate inges­
tion may be the important pathway of chromium uptake in bi­
valves .
Two of the dominant bivalve filter-feeders of the 
Great Bay estuary are the blue mussel Mytilus edulis L. and 
the soft-shelled clam Mya arenaria L. Many workers have stud­
ied the effect of a variety of environmental factors on the 
rate of filtering activity of bivalves. Parameters such as 
temperature (Ali, 1970), current speed (Walne, 1972), parti­
cle size of filtrate (Tammes & Dral, 1955)» concentration of 
suspensions (Chiba & Oshima, 1957; Dral, I968; Davids, 1964; 
Winter, 1970, 1973)» types of suspensions (Jorgensen, 1949)» 
oxygen concentration (Lowe & Trueman, 1972; Theede, I963), 
and the accumulation of pulp mill wastes (Galstoff et al.,
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1947) exert an effect on filtration rates, and thus filtering 
activity may serve as an indicator of a stress environment. 
The purpose of this study is to determine the effect of chro­
mium contaminated sediments and clay suspensions on filtra­
tion rates in Mytilus edulis L. and Mya arenaria L.
Materials and Methods
Specimens of Mytilus edulis L. and Mya arenaria L. 
were collected from coastal environments of New Hampshire 
during the late summer and early fall. Animals were main­
tained at 15°C and 27-5 o/oo salinity for a period of four 
weeks before exposure to experimental conditions. Sediments 
were collected from the Cocheco and Piscataqua Rivers of the 
Great Bay estuary and placed in two 20 liter aquaria with 
constantly flowing sea water. Eight specimens of Mytilus 
edulis L. were exposed to these sediments for a period of 
six months. Temperature, salinity, and food concentration 
of the sea water intake varied with the ambient seasonal 
conditions of the Great Bay estuary.
Suspensions of montmorillonite #21 (bentonite), 
illite #36, and kaolinite #4 (Ward Scientific Company, 
Rochester, New York) were used for short term experiments. 
These clay suspensions were aerated in distilled water with 
1370 ug of chromium (as CrCl^) per gram of clay for a period 
of one week. This was the concentration of chromium detected 
in the clay fraction of sediment collected mid-channel in 
the Cocheco River, 4.25 km from the source of chromium dis­
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charge. The suspensions were filtered and dried at 60°C and 
added to 6 liter aquaria to give a suspension concentration 
of 500 mg/liter of sea water. Aquaria with clay suspensions 
having natural concentrations of chromium were prepared in a 
similar manner. Chromium concentrations of sediments and 
clay suspensions were determined by atomic absorption spectro­
photometry according to the method described by Capuzzo and 
Anderson (1973* Section II). The clay fraction of sediment 
was determined by the pipette analysis method of Folk (1965)*
Eight to ten specimens of Mytilus edulis L. and Mya
arenaria L. of varying sizes were exposed to the different
test suspensions for a period of four weeks in constantly
aerated sea water with a salinity of 27-5 0/00 at 15°C.
Control bivalves were exposed to natural sea water (salinity-
27* 5 0/00, temperature-15°C) with a chromium concentration of
«v0.5 ppb. Exposure of bivalves to 1 ppm chromium (as CrCl^)
served as an indicator of chromium toxicity. All bivalves
£
were fed a daily ration (100ml - 1 x 10 cells/ml) of the 
diatom Phaeodactylum tricornuturn Bohlin during the test peri­
od. Mortality occurred only in experimental tanks with high 
chromium concentrations.
After the test period filtration rates were determined 
by an indirect method, monitoring the reduction in particle 
concentration per unit volume during a time interval. Phaeo­
dactylum tricornuturn Bohlin was used as the suspended parti­
cle for filtration rate determinations. These diatoms were 
cultured in F/2 media (Guillard & Ryther, 1962) at 15°C in
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20 liter carboys. Individual bivalves were placed in 1.5 
liter aquaria with 1 liter of media having a diatom concentra­
tion of 1 x 10^ cells/ml and a salinity of 27-5 o/oo. All 
experiments were conducted at 15°C. Bivalves were allowed to 
acclimate to the test conditions for a period of thirty min­
utes. Filtering rates were determined at thirty minute inter­
vals for ninety minutes and an average filtration rate was 
reported. Samples of 20 ml were collected and duplicate por­
tions of 0.5 ml were counted using a Coulter Counter, Model 
F^ , for filtration rate determinations. Filtration rates 
were calculated from a modified version of the formula de­
rived by Jorgensen (19^ 3)*
Filtration Rate = (log C -log C.) ’ V/log e ' t/dry wt.O X
where, Cq= initial concentration of cells in suspension;
C^= concentration of cells in suspension after time t;
V = volume of media (milliliters);
t = time (hours);
dry weight = soft tissues dried to constant weight 
at 110°C (milligrams).
Each experiment was repeated ten times over a two week period
to measure individual variability.
Oxygen consumption rates of excised gill tissue were 
measured as an indicator of the ciliary activity of the fil­
tering mechanism. Specimens of Mytilus edulis L. were dis­
sected after exposure to different test conditions and oxygen 
uptake of whole gill tissue at 22°C was measured using a 
Gilson Differential Respirometer. Gill tissue was placed
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in 15 ml reaction flasks with 5 ml of filtered sea water;
20fo KOH was used as the carbon dioxide absorbant.
Chromium concentration of whole tissue and dissected 
organs (muscle, mantle, gills, and digestive gland) were de­
termined by atomic absorption spectrophotometry according to 
the method described by Riley and Segar (1970). In this pro­
cedure three grams of dry tissue was digested with concentrat- 
edi nitric acid and chromium was extracted as its N-benzoyl- 
N-phenylhydroxylamine complex after other trace metals were 
complexed by ammonium pyrrolidine dithiocarbamate.
Results
Chromium Concentration of Test Suspensions
Different clay particles vary in their capacity for 
cation exchange, the bentonite minerals having high cation 
exchange capacity, kaolinite minerals having relatively low 
cation exchange capacity (Kelley, 1955)* There are two domi­
nant processes of cation exchange on clay minerals. The 
first is associated with broken bonds of the mineral, exchange­
able cations being held around the edges of flakes or elon­
gate units. The second is lattice substitution, cations 
being held around the basal plane surfaces of the mineral 
(Grim, 1953)- The latter process leads to more stable cation- 
clay associations. This substitution accounts for ^80^ of 
the cation exchange capacity of bentonite minerals but is of 
lesser importance in the other types of clay minerals. Ex­
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change of cations on broken bonds is of some importance in 
the illite minerals, but is the major exchange process in the 
kaolinite minerals. This exchange capacity increases with a 
decrease in particle size and thus extremely fine particles 
may have a temporarily high cation exchange capacity. The 
weak bonds formed by this association are not stable and thus 
cations may be released to the surrounding water column.
Table IV-1 is a summary of the chromium concentrations of 
sediments and clay suspensions used in this study. The 
structure of the different clay minerals discussed is pre­
sented in Figure IV-1.
Filter Feeding Experiments
Filter feeding in the eulamellibranchs is dependent 
on the complex coordination of the ciliary activity of the 
gill. The classic theory of ciliary transport was first de­
scribed by Adler and Hancock (1851). According to this ac­
count the particles are conveyed by water currents to the 
gill, strained and sorted by the gill, before being trans­
ported to the mouth. The lateral cilia are responsible for 
the water currents that pass through the mantle cavity. The 
latero-frontal cilia act as a straining mesh (mesh size for 
Mytilus edulis L. -0.6x2.7um; Moore, 1971). retaining 
the particles conveyed by the water currents. The frontal 
cilia transport the particles towards the mouth. Dral (I967) 
suggested that since the filtration process is carried out by 
the latero-frontal cilia, a change in efficiency of the gill
Table IV-1
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Chromium Concentrations of Suspensions 
Used in Experiments with 
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7^Figure IV-1: Structure of Clay Minerals (Grim, 1955)-
A. Montmorillonite (Bentonite)
cation exchange capacity: 60-100 meq/lOOg
B. Illite
cation exchange capacity: 20-^0 meq/lOOg
C. Kaolinite
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filter would be related to changes in the behavior of these 
cilia. The gill structure of Mytilus edulis L. and Mya are­
naria L. is presented in Figure IV-2.
Filter feeding initiates a metabolic response in 
bivalves characterized by increases in oxygen uptake, venti­
lation rate, and filtration rate. This was termed "active 
metabolism" by Thompson (1972). Metabolic activity in ani­
mals of different sizes does not increase proportionally to 
weight but rather in proportion to surface (von Bertalanffy, 
1964). The allometric equation (y=a-x or logy=loga+blogx) 
is a simplified approximation of this relationship, where, 
for these experiments,
y = filtration rate; 
x = dry weight of soft tissue;
a, b = constants for each set of experimental data; 
b should approximate O.667.
Data from each of the filtration rate experiments 
are presented in Table IV-2 for Mytilus edulis L. and Table 
XV-3 for Mya arenaria L. Graphic presentation of data from 
control experiments is seen in Figure IV-3 for Mytilus edulis 
L. and Figure IV-1^ for Mva arenaria L. Data for filtration 
rates of Mytilus edulis L. and Mya arenaria L.obtained by 
other workers are presented in Table IV-^ and compared with 
control data from this study in Figure IV-^ . Comparison of 
data from each experiment and control experiments is pre­
sented in Figures IV-5 to IV-13 for Mytilus edulis L. and 
Figures IV-15 to IV-21 for Mya arenaria L. Ranges are given
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as the mean filtration rate ± one standard error.
The allometric equation was applied to the data from 
each experiment and compared with control experiments by 
analysis of covariance. These results are summarized in 
Table IV-5 and comparison of the regression lines for each 
experiment is presented in Figure IV-22 for Mytilus edulis L. 
and Figure IV-23 for Mya arenaria L.
The results indicate that chromium, in soluble and 
particulate forms, has an effect on filtration rates in Myti­
lus edulis L. and to a much lesser extent in Mya arenaria L. 
Exposure of Mytilus edulis L. to sediments from Pomeroy's 
Cove and Fresh Creek caused a reduction in filtration rates, 
the degree of toxicity varying with the the concentration of 
chromium in the sediments. Only slight reductions in fil­
tration rates were observed in bivalves exposed to sediments 
from Pomeroy's Cove with a chromium concentration of 152 ppm. 
A more pronounced decrease in filtration rates occurred with 
exposure to sediments from Fresh Creek with a chromium con­
centration of 993 ppm. Variation in the impact of the dif­
ferent clay-chromium suspensions is explained by the nature 
of the cation exchange. The dominant process of cation ex­
change in kaolinite and illite minerals is associated with 
broken bonds. Release of chromium to the surrounding water 
column would reduce the concentration of chromium bound to 
particulate matter, reducing contact with gill tissue. Up­
take of chromium by diffusion may still be an important mech­
anism of chromium distribution in bivalve tissues. Exposure
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to kaolinite with a chromium concentration of 1170 ppm (ug/g 
clay) caused a reduction in filtration rates in "both Mytilus 
edulis L. and Mya arenaria L. Total release of chromium 
from kaolinite would yield a soluble chromium concentration 
of ~0.5 ppm.
Exposure to illite with a chromium concentration of 
7^6 ppm had no effect on filtering activity in Mya arenaria L. 
Reduction of filtration rates in Mytilus edulis L. was not 
observed in all specimens, however, wider variation among 
animals and within an individual organism did occur which may 
indicate a metabolic response to chromium regulation in tis­
sues. Illite has a higher exchange capacity than kaolinite, 
but some release of chromium to the surrounding water column 
may occur.
Cation exchange in bentonite minerals is due predom­
inantly to lattice substitution resulting in more stable 
associations. Exposure to bentonite with a chromium concen­
tration of 10*1-2 ppm resulted in a severe reduction of fil­
tration rates in Mytilus edulis L., but little change was 
observed in Mya arenaria L. Ecological and physiological dif­
ferences of the two species may explain this variation. Mya, 
a siphonate bivalve, has lower pumping rates than Mytilus and 
may not accept particulate matter with little nutrient value 
as readily. Differences in filtration efficiency may also 
be important. During the outbreak of "Red Tide" on the New 
Hampshire coast in September 1972, Sasner et al. (197*0 ob­
served a higher accumulation of toxic material in specimens
79
of Mytilus edulis L. (2552 ug poison/100 g tissue, wet wt.) 
than in specimens of Mya arenaria L. (1018 ug poison/100 g 
tissue, wet wt.) for the same time period. Prakash et al. 
(1971) observed a similar situation in bivalves collected 
from the New Brunswick (Canada) coast. These results would 
indicate that Mytilus, through faster pimping rates and per­
haps longer feeding periods, would accumulate more particulate 
matter than Mya.
Exposure to 1 ppm chromium (mg/kg sea water) resulted 
in severe reduction of filtering activity in Mytilus edulis L. 
and Mya arenaria L. It is concluded that diffusion and par­
ticulate ingestion are important pathways for chromium uptake 
in Mytilus edulis L., but only diffusion is important in Mya 
arenaria L.
No significant reduction in filtration rates was 
observed with exposure to clay particles with natural levels 
of chromium (0.^ to k.2 ppm). An increase in filtration 
rates in Mya arenaria L. was observed with exposure to kao­
linite and illite. Low filtration rates were occasionally 
observed for larger animals; this might be due to a reduction 
in filtering efficiency (Jorgensen, 19^9) or a more pro­




Filtration Rates of Mytilus edulis L. 
Exposed to Different Test Conditions
Experiment Shell Dry Wt.-mg X F. R. X F. R
Length--mm ml/h ml/h/im
A1 38 250 750 3.000
Control 4-1 350 929 2.655
42 380 836 2.200
4-3 390 681 1.7^5
45 440 1129 2.565
46 46 0 II73 2.550
47 500 838 1.675
51 670 1052 1.570
55 850 1279 1.505
56 900 1481 1.645
58 1000 II65 1.165
59 1020 1790 1.755
60 1100 1260 1.145
62 1200 2052 I .710
63 1220 1244 1.020
65 1400 2408 1.720
66 1460 17 67 1.210
67 1500 2138 1.425
68 1700 1921 1.130
69 1750 1208 0.690
70 1800 3213 1.785
A2 43 390 476 1.220
Pomeroy's 54 760 1265 1.655
Cove 57 960 1094 1.140
152 ppm Cr 60 1100 1156 1.050
66 1460 1117 0.765
66 1460 1256 0.860
76 2700 2484 0.920
76 2700 1823 0.675
A3 45 440 394 0.895
Fresh Creek 47 500 414 0.825
993 ppm Cr 55 850 774 0.910
57 960 965 1.005
68 1700 984 0.579
74 2200 1353 0.615
75 2500 763 0.305


















iell Dry Wt.-me X F. R. X F. R.
igth--mm ml/h ml/h/me
kk 420 993 2.365
56 900 1346 1.495
58 1000 1130 1.130
59 1020 I698 1.665
59 1020 1433 1.405
66 1460 978 0.670
67 1500 931 0.620
70 1800 2070 1.150
72 1900 2404 1.265
38 250 138 0.550
44 420 294 0.700
58 1000 310 0.310
60 1100 154 0.140
64 1300 254 0.195
65 1400 518 0.370
67 1500 788 0.525
67 1500 68 o.o4 5
68 1700 383 0.225
7k 2200 220 0.100
38 250 575 2.300
47 500 1485 2.970
56 900 1620 1.800
6k 1300 2106 1.620
6k 1300 2067 1.590
66 1460 2197 1.505
68 1700 2865 1.685
69 1750 1974 1.185
70 1800 2520 1.400
31 140 613 4.375
52 700 165 0.235
58 1000 1760 1.760
63 1220 1732 1.420
63 1220 4166 3.415
63 1220 2580 2.115
65 1400 2149 1.535
69 1750 2258 I.290
69 1750 1680 0.960
77 2800 1508 0.510
4-1 350 858 2.450
57 960 1618 1.685











Shell Dry Wt.-mg X F. R. X F. R.
Length--mm ml/h ml/h/mg
61 1150 1725 1.500
66 1460 2088 1.430
67 1500 3473 2.315
68 1700 I836 1.080
68 1700 281 0.165
74 2200 2233 1.015
75 2500 1088 0.435
31 140 216 1.545
45 440 730 1.660
Cr 51 670 519 0.775
55 850 1126 1.325
6o 1100 2690 2.445
65 1400 3185 2.275
66 1460 2110 1.445
70 1800 405 0.225
72 1900 846 0.445
77 2800 1148 0.410
36 220 152 0.690
45 440 165 0.375
51 670 151 0.225
61 1150 207 0.180
63 1220 165 0.135
66 1460 606 0.415
66 146o 263 0.180
67 1500 443 0.295
70 1800 423 0.235
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Table IV-3
Filtration Rates of Mya arenaria L. 









Shell Dry Wt.-mg X F. R. X F. R.
Length--mm ml/h ml/h/mg
19 30 203 6.750
27 80 328 4.100
29 100 320 3.200
30 120 286 2.380
30 120 376 3.135
34 180 452 2.510
35 200 594 2.970
39 300 572 1.905
39 300 501 1.670
40 360 641 1.780
40 360 641 1.780
42 46o 738 1.605
43 520 736 1.415
43 520 715 1.375
43 520 666 1.280
44 600 714 1.190
50 io4o 894 0.860
6o 1400 623 0.445
61 1980 2148 1.085
69 3080 2310 0.750
70 3200 1392 0.435
74 3600 864 0.240
20 34 273 8.030
31 120 295 2.460
35 200 440 2.200
36 220 435 1-975
41 400 67 8 1.695
45 640 595 0.930
47 800 688 0.860
49 1000 860 0.860
59 1780 979 0.550
26 68 272 4.000
29 100 351 3.505
Cr 30 120 416 3-465
33 160 404 2.460
35 200 408 2.040
36 220 595 2.705
38 300 347 1.155
48 840 798 0.950

















; Shell Dry Wt. -me X F. R. X F. R.
Leneth-mm ml/h ml/h/me
15 20 188 9.410
29 100 519 5.185
30 120 635 5-295
35 200 729 3.645
38 300 744 2.480
4o 360 1098 3.050
42 460 1134 2.465
71 3200 1744 0.545
23 48 312 6.500
29 100 248 2.475
Cr 33 160 469 2.930
39 300 551 1.835
40 360 578 I .605
40 360 605 1.680
47 800 7 80 0.975
70 3000 1020 0.340
30 120 506 4.215
32 144 438 3.040
35 200 820 4.100
37 260 928 3-570
4o 360 999 2.775
41 400 964 2.410
43 520 910 1.750
74 3600 I890 0.525
29 100 248 2.480
30 120 290 2.415
i Cr 30 120 381 3.175
33 160 257 1.605
40 360 405 1.125
43 520 294 0.565
72 3400 1003 0.295
24 56 134 2.395
29 100 148 1.475
32 144 156 1.085
34 180 104 0.580
40 360 313 O.870
42 46 0 131 0.285
46 720 126 0.175
Table IV-4
Results of Filtration Rate Studies by Other Workers
Suedes Authors Particles Terno. °C Shell Dry Wt.-■mg F. R. Flow Rate
Length-mm ml/h/mg ml/min.
Mytilus Jorgensen flagellates 17-20 15 15 10.67 —
edulis L. (1W ) & diatoms 29 110 4.58
32 160 6.75 -
Willemsen silt 12-15 48 550 1.93 __
(1952) 67 1500 1.03 -
68 1700 1.13 -
77 2800 0.82 -
80 3000 0.17 -
81 3200 O.83 -
Chiba & bentonite 16.5-19 3^ 140 1.71 _
Oshima 55 850 1.18 _
(1957)
Jorgensen graphite 13-14 31 160 8.15
(I960) 32 218 8.15 -
37 288 5.80 -
Theede graphite 15 20 59 6.90
(1963) 30 190 3.34 —
45 781 2.18 -
60 2005 1.17 -
70 3280 0.82 -
Walne flagellates 10 500 6.46 200
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Species Authors Particles Temp.-°C Shell Dry Wt.-mg F. R. Flow Rate
Length-mm ml/h/mg ml/min.
Mvtilus Winter Dunaliella 12 46.6 649 1.50 3000
edulis L. (1973) marina 66. 6 1186 1.10 3000
cont'd. 40 x lOb/1
Mya Allen Phaeodactyluml7-18 67-82 1775 0.80
arenaria L. (1962) tricornuturn avg.
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Figure IV-2: Gill structure of Eulamellibranch 
Bivalves.
A. Mytilus edulis L. (Kellogg, 1915).
B. Mya arenaria L. (Yonge, 1923).
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Figure IV-3: Filtration rates of Mytilus edulis L. 
under control conditions (T=15°C, Sal.=27.5o/oo).
Regression Coefficients: 
a = 1.518 












Figure IV-^s Filtration rates of Mytilus edulis L. 
obtained by other workers, compared to regression 



























Figure IV-5s Filtration rates (X of 10 determina­
tions ± 1 standard error) of Mytilus edulis L. after 
exposure to sediments from Pomeroy's Cove, compared 
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Figure IV-6: Filtration rates (X of 10 determina­
tions ± 1 standard error) of Mytilus edulis L. after 
exposure to sediments from Fresh Creek, compared to 





















Figure IV-7: Filtration rates (X of 10 determina­
tions + 1 standard error) of Mytilus edulis L. after 






















Figure IV-8: Filtration rates (X of 10 determina­
tions ± 1 standard error) of Mytilus edulis L. after 
exposure to bentonite + lOkZ ppm Cr, compared to 
















Figure IV-9s Filtration rates (X of 10 determina­
tions + 1 standard error) of Mytilus edulis L. after 

















Figure IV-10: Filtration rates (X of 10 determina­
tions + 1 standard error) of Mytilus edulis L. after 
exposure to illite + 7^6 ppm Cr, compared to regres­
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Figure IV-llt Filtration rates (X of 10 determina­
tions + 1 standard error) of Mytilus edulis L. after 


















Figure IV-12s Filtration rates (X of 10 determina­
tions + 1 standard error) of Mytilus edulis L. after 
exposure to kaolinite + 1170 ppm Cr, compared to 




















Figure IV-l3s Filtration rates (X of 10 determina­
tions + 1 standard error) of Mytilus edulis L. after 






















Figure IV-14: Filtration rates of Mya arenaria L.




























Figure IV-15s Filtration rates (X of 10 determina­
tions + 1 standard error) of Mya arenaria L. after 




























Figure IV-16: Filtration rates (X of 10 determina­
tions + 1 standard error) of Mya arenaria L. after 
exposure to bentonite + 10*1-2 ppm Cr, compared to 

























Figure IV-17: Filtration rates (X of 10 determina­
tions ± 1 standard error) of Mya arenaria L. after 











Figure IV-18: Filtration rates (X of 10 determina­
tions ± 1 standard error) of Mya airenaria L. after 
exposure to illite + 7^ 6 ppm Cr, compared to regres­
sion line for control experiments.
Dry Wt*mg
Mya arenaria 
I H ite  & C r  
746 ppm Cr
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Figure IV-19! Filtration rates (X of 10 determina­
tions ± 1 standard error) of Mya arenaria L. after 
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Figure IV-20: Filtration rates (X of 10 determina­
tions + 1 standard error) of Mya arenaria L. after 
exposure to kaolinite + 11?0 ppm Cr, compared to 





























Figure IV-21: Filtration rates (X of 10 determina­
tions ± 1 standard error) of Mya arenaria L. after 


























Analysis of Covariance of Filtration Rate Experiments 
of Mytilus edulis L. and Mya arenaria L.
Experiment





A5-Bentonite & Cr 
A6-Illite 
A7-Illite & Cr 
A8-Kaolinite 





B3-Bentonite & Cr 
B4-Illite 
B5-Illite & Cr 
B6-Kaolinite 




















1.742 0.334 NS .
2.043 0.056 6.763
* p a 0.05






















Figure IV-22: Comparison of regression lines for 


















Figure IV-23s Comparison of regression lines for 





Direct observation of Mytilus gills exposed to 1 ppm 
chromium and bentonite with a chromium concentration of 10^2 
ppm revealed a slower, more erratic movement of the latero- 
frontal cilia when compared with gills exposed to natural 
sea water. The erratic movement of the cilia resulted in 
inefficient retention of particles.
Gray (3-928) suggested that the rate of ciliary move­
ment varied with the rate of oxygen consumption. In the 
present study reduction of oxygen consumption of excised gill 
tissue was observed with exposure to 1 ppm chromium and ben­
tonite with 3.0^ 2 ppm chromium. Smaller specimens (30-^5 mm) 
of Mytilus edulis L. exhibited a more pronounced decrease in 
oxygen consumption than larger specimens. Data from each of 
the experiments are presented in Table IV-6. Graphic compar­
isons of the experimental data with control data are depicted 
in Figures IV-25 and IY-2 6; control data are graphed in 
Figure IV-2^. The results of analysis of covariance of these 
data are summarized in Table IV-7 and comparison of regression 
lines is presented in Figure IV-27- The results indicate 
that exposure to chromium has caused inhibition of ciliary 
activity.
Chromium Accumulation in Tissues
Data of chromium concentrations in Mytilus edulis L. 
and Mya arenaria L. from each experiment are presented in
Table IV-8. Pringle et al. (1967) suggested that temperature, 
salinity, dissolved oxygen concentration, pumping rates, and 
physiological condition of an animal were important factors 
governing the uptake and concentration levels of a partic­
ular metal for different species of bivalve mollusks. Experi­
ments A-l, A-^ , A-6, and A-8 were control experiments with 
Mytilus edulis L. and the results of chromium analyses indi­
cated that a base level of *^ 10 ppm chromium was present in 
the blue mussel. Experiments A-2, A-3, A-5, A-7, and A-9 
represented exposure to chromium contaminated sediments and 
clay suspensions. The results of chromium analyses revealed 
that no increase in chromium accumulation was observed with 
exposure to sediments from Pomeroy's Cove and Fresh Creek 
(A-2, A-3), and only slight increases with exposure to ben­
tonite and illite with high concentrations of chromium (10^ 2 
and 7^6 ppm respectively; A-5, A-7) • Exposure to kaolinite 
with enhanced levels of chromium (1170 ppm) resulted in a high­
er level of chromium accumulation in specimens of Mytilus. 
presumably due to uptake by diffusion. Results of chromium 
analysis of mussels exposed to 1 ppm chromium (A-10) indi­
cated a much higher level of chromium accumulation than ob­
served with other experiments.
Experiments B-l, B-2, B-^ , and B-6 were control ex­
periments of Mya arenaria L. Results of chromium analyses 
indicated a chromium concentration of ppm in specimens of 
Mya under natural environmental conditions. Exposure to 
illite with a chromium concentration of 7^ 6 ppm (B-5) resulted
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in no increase in chromium accumulation. However, exposure 
to "bentonite having a chromium concentration of 10^ -2 ppm (B-3) 
resulted in a marked increase in chromium concentration of 
specimens studied, "but this might "be due to sediment contami­
nation rather than uptake since no toxic effect has been dem­
onstrated. Exposure to kaolinite with high chromium levels 
(1170 ppm; B-7) resulted in high chromium accumulation, but 
as in Mytilus edulis L., it is presumed that uptake by dif­
fusion was the main route of entry. Exposure to 1 ppm chro­
mium resulted in extremely high chromium levels in specimens 
of Mya arenaria L.
Comparison of values determined for both species re­
veal lower chromium concentrations for Mya than Mytilus, nat­
urally and with exposure to particulate matter with high chro­
mium levels. These results indicated that Mya might regulate 
its chromium content more efficiently than Mytilus, or main­
tain a slower uptake rate. Exposure to 1 ppm chromium re­
sulted in much higher chromium concentrations in Mya than in 
Mytilus. Preston (I97I) demonstrated that uptake of ■'^ chro­
mium by diffusion resulted in much higher tissue chromium 
concentrations than uptake by particulate ingestion in 
Crassostrea virginica Gmelin. He concluded that the gener­
alized distribution in oyster tissue suggested that chromium 
was associated with a fundamental component of tissue, such 
as protein.
Specimens of Mytilus edulis L. were dissected after 
exposure to different test conditions and the soft tissue
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was divided into three groups: muscle, mantle and gills, and 
digestive glands. Results of chromium analyses of mussels 
exposed to natural sea water (C —1) indicated that the highest 
chromium concentration was detected in the digestive gland 
(22.7 ppm), the lowest concentration in the mantle and gills 
(7-^ ppm). Exposure to bentonite with a chromium concentra­
tion of 10^2 ppm (C-2) resulted in an increase in chromium 
concentration in muscle, mantle and gill tissue, and diges­
tive gland. However, this increase was not as great as the 
increase in chromium concentration resulting with exposure 
to 1 ppm chromium (C —3). The results of chromium analyses 
of various organs are presented in Table IV-9-
Exposure to particulate matter with high levels v.f 
chromium resulted in a lesser degree of chromium accumula­
tion than exposure to soluble chromium. However, toxic ac­
tion on the filtering mechanism of the bivalves studied was 
demonstrated for both particulate and soluble chromium.
Cation exchange between particulate matter and bivalve tis­
sue might be a complex process causing a deterioration of 
tissue with initial uptake, but a reversible exchange taking 
place after the damage has occurred. Bivalves might have 
regulated particulate chromium more efficiently than soluble 
chromium, but not without physiological consequences.
137
Table IV-6
Oxygen Consumption Rates 
of Excised Gill Tissue of Mytilus edulis L. 
Exposed to Different Test Conditions






















































































































































































Figure IV-24-: Oxygen consumption rates of excised 
gill tissue of Mytilus edulis L. under control con­
ditions (T=22°C, Sal.=27.5o/oo).
Regression Coefficients: 
a = 0.899 





















Figure IV-25 s Oxygen consumption rates of excised 
gill tissue of Mytilus edulis L. after exposure to 
bentonite + 10^2 ppm Cr, compared to regression 
line for control experiments.
1^ 3
M ytilu s  edulis 
Bentonite & Cr 
1042 ppm Cr
Figure IV-26: Oxygen consumption rates of excised 
gill tissue of Mytilus edulis L. after exposure to 














Figure IV-2?: Comparison of regression lines for 







Chromium Concentrations of Soft Tissue 
of Mytilus edulis L. and Mya arenaria L. 




A2-Pomeroy's Cove 10 ppm
A3-Fresh Creek 9 ppm
A4-Bentonite 10 ppm
A5-Bentonite & Cr 13 ppm
A6-Illite 9 ppm
A7-Illite & Cr 14 ppm
A8-Kaolinite 9 ppm
A9-Kaolinite & Cr 4o ppm




B3-Bentonite & Cr 22 ppm
B4-Illite 2 ppm
B5-Illite & Cr 4 ppm
B6-Kaolinite 7 ppm
B7-Kaolinite & Cr 22 ppm
B8-1 ppm Cr 765 ppm
1^ 9
Table IV-9
Chromium Concentrations of Organs 
of Mytilus edulis L.
Exposed to Different Test Conditions
Experiment Organ Cr Concentration
Cl Muscle 10 ppm




C2 Muscle 13 ppm
Bentonite Mantle & 13 ppm
+ 10*1-2 ppm Cr Gills
Digestive 37 ppm
Gland
C3 Muscle 507 ppm






Reduction in filtration rates in response to stress 
conditions may present a more serious problem for a popula­
tion of bivalves than indicated by lowered metabolic activity 
in an individual organism. Many aspects of nutritive stress 
in Mytilus edulis L. have been investigated in recent years, 
and they may apply to other bivalves as well.
Thompson (1972) summarized the relationship between 
feeding and metabolic activity in Mytilus under natural envi­
ronmental conditions (15°C and 35 0/00). Abundant food during 
the summer months resulted in continuous feeding and synthesis 
of carbohydrate, lipid and protein reserves and low metabolic 
activity. Energy for gametogenesis during the winter months 
was obtained from the utilization of energy reserves and the 
metabolic rate was relatively high. Spawning occurred during 
late spring or early summer (Chipperfield, 1953) and the cycle 
was repeated. DeZwann and Zandee (1972) detected seasonal 
changes in the glycogen content of Mytilus. an increase occur­
ring in spring and early summer, small fluctuations during 
late summer, and a gradual decline in the fall and winter.
Bayne (1973 a) defined starvation as "...a condition 
in which the animal's ration is not sufficient to balance its 
basal demand for energy." Bayne and Thompson (I970) observed 
that nutritive and temperature stresses caused a decline in 
general body condition and dry weight of Mytilus, due to the 
loss of carbohydrate and protein reserves. Greater losses of
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energy reserves from the germinal tissue (mantle) than from 
somatic tissues; however, gametes matured normally in spite 
of the utilization of reserves. Gabhott and Bayne (1973) 
subjected specimens of Mytilus edulis L. to low food levels 
and constant temperature for prolonged periods. During the 
autumn months, the metabolic rate was low and the animals 
were in "energy balance" - energy supply was sufficient for 
the energy demand. Development of gametes during winter 
months required the utilization of energy reserves to main­
tain energy balance. During spring months energy balance was 
maintained by a reduction in oxygen consumption. A marked 
shift from carbohydrate metabolism as the main energy source 
during the summer months to protein metabolism as the main 
reserve in the winter months was also observed.
Bayne (1973 b) showed that specimens of Mytilus 
fed a ration above their maintenance energy requirement 
would adjust their oxygen consumption rate to a routine level, 
intermediate between the active metabolic state of initial 
feeding and a standard metabolic level. When fed a ration 
below the maintenance energy requirement, mussels reduced 
their oxygen consumption rate to a standard level. He sug­
gested a decline in levels of tissue amino and keto acid sub­
strates in response to stress conditions. The ratio:; of oxy­
gen consumed to nitrogen excreted, illustrating the balance 
between the rates of catabolism of protein, carbohydrate, and 
lipid substrates, declined with nutritive stress.
Galstoff et al. (19^ 7) observed a reduction in feed-
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ing by oysters and an inability to accumulate glycogen in 
response to pulp mill wastes. This resulted in an emaciated 
condition of the meat and a decreased growth rate. The energy
budget equations derived by Warren and Davis (1967) relate
food consumption ( Q q ) ,  food assimilation (Q^)* metabolic uti­
lization (Qpj) > waste production (Q^ ), and growth (Qq) *
QC = QR + QG + QW
Qc - Qw = Qa = Qr + Qq
Widdows and Bayne (I97I) utilized these equations to predict
the effects of temperature acclimation in Mytilus and con­
cluded that a disruption in the energy budget would result 
in physiological stress. A reduction in filtration rates with 
a decrease in food consumption would have to be compensated 
by an extremely high assimilation efficiency for normal growth 
rates to be maintained. Tenore et al. (1973) measured low 
assimilation efficiency rates for Mytilus (10.01$) and sug­
gested that in areas of low food availability animals might 
ingest less food than needed to satisfy their metabolic re­
quirements. Thompson and Bayne (1972), however, observed a 
negative correlation of food concentration and assimilation 
efficiency. At a food concentration of 1000 cells/ml an assim­
ilation efficiency of 89$ was observed; this efficiency was 
reduced to ^0$ at a food concentration of 25,000 cells/ml.
No data are available concerning the assimilation efficiency 
of Mytilus under conditions of physiological stress.
Bayne (1972) suggested that although gamete develop­
ment, vitellogenesis, spawning, and fertilization might pro­
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ceed normally under conditions of sub-lethal stress, changes 
might occur which result in abnormal embryological develop­
ment.
The metabolic responses to nutritive stress of Mytilus 
edulis L., as summarized by Bayne (1973 a), are:
1. reduced oxygen consumption;
2. disturbed protein metabolism;
3- utilization of food reserves;
k. increased anaerobic metabolism, as indicated by 
an increase in the malate:oxalacetate ratio during 
starvation periods.
Reduction of filtration rates and disturbed ciliary 
activity in response to uptake of soluble chromium by Mya 
arenaria L. and uptake of so3„uble and particulate chromium by 
Mytilus edulis L. in the present study indicate a sub-lethal 
stress situation. Brown and Newell (1972) noted a reduction 
in total oxygen consumption of Mytilus and oxygen consumption 
of gill tissue with exposure to copper (500 ppm and 2 ppm as 
copper sodium citrate). They suggested the suppression of 
metabolic activity was due to the inhibition of an energy 
consuming process, rather than a direct effect of copper on 
the respiratory enzymes.
Exposure to sub-lethal concentrations of chromium 
caused an inhibition of glucose absorption in the gut epi­
thelium of rainbow trout (Stokes and Fromm, 1965) and a re­
duction in activity of the intestinal digestive enzymes of 
the killifish Fundulus heteroclitus (McDowell, University of
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New Hampshire, Durham, N. H., unpublished data). Both re­
sponses led to nutritive stress in the animals studied.
Mertz (1969) suggested that chromium could inhibit enzyme re­
actions when concentrations exceed the necessary concentration 
for a particular enzyme. The biochemical importance of chro­
mium is not completely understood, but some functions have 
been defined. Horecker et al. (1939) noted that chromium 
accelerated aerobic oxidation of succinate through cytochrome 
c. Stickland (19^ 9) identified the role of chromium as a 
cofactor on the action of phosphoglucomutase. The role of 
chromium as an active ingredient in the glucose tolerance fac­
tor has long been established (Schwarz & Mertz, 1959)1 however, 
recent evidence (Mertz, 197^) suggested that a chromium-nico­
tinic acid complex might be this active ingredient. The res­
toration of activity to metal-free carboxypeptidase by chro­
mium was established by Vallee (i960). Exposure to high 
chromium concentrations may result in inhibition or reversal 
of these enzymatic processes.
Aiello (i960) suggested the importance of anaerobic 
and aerobic metabolism on the activity of lateral cilia of 
Mytilus gill. Excessively high chromium concentrations may 
cause inhibition of phosphoglucomutase activity, leading to 
an interference with glucose degradation and reducing the 
amount of energy available for metabolic processes. Bayne 
(1973 a) suggested an increase in anaerobic metabolism with 
nutritive stress in Mytilus and chromium interaction with 
anaerobic metabolism might be an important toxicological ef-
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feet. An alternative pathway for glucose degradation in mol- 
lusks under anaerobic conditions was postulated by Simpson 
and Awapara (1966) with the conversion of phosphoenolpyruvate 
to oxalacetate by PEP carboxykinase as a key step in the 
metabolic pathway and NAD as the important mediator of coupled 
oxido-reductions. Stokes and Awapara (1968) identified ala­
nine and succinate as the major end products of glucose degra­
dation and the regeneration of NAD+ (nicotinamide adenine di­
nucleotide) was accomplished by two reductive steps in suc­
cinate formation. The affinity of chromium for nicotinic 
acid as shown by Mertz (197^ ) may provide an index to the 
site of chromium action in bivalve tissues.
Kawai (1959)» in his investigation of the cytochrome 
system of marine bivalves, concluded that 80$ or more of the 
total respiration of the bivalve tissue proceeded through the 
cytochrome system. Competition of chromium with iron in the 
cytochrome system could also be a site of toxic action.
Mertz (I969) suggested that chromium most probably functions 
in the trivalent state in living systems. Not possessing the 
oxidative capacity of iron, chromium would not be functional 
in the electron transport system.
Aiello and Guideri (19^ 5) traced branchial nerve fi­
bers from the visceral ganglion to the ciliated epithelium 
of the gill of Mytilus. The release of 5-hydroxytryptamine 
(5-HT) by nerve fibers or by the ciliated cells stimulated 
ciliary activity of the gill. Interference with the synthe­
sis of 5-HT or the release of 5-HT with exposure of gill tis­
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sue to chromium might he a mechanism for the reduction in 
ciliary activity noted in Mytilus edulis L. and Mya arenaria L.
These suggestions on the toxicological effect of chro­
mium in bivalves warrant further investigation and may provide 
an answer to the toxicology of chromium in other living sys­
tems .
Conclusions
Exposure of Mytilus edulis L. and Mya arenaria L. to 
concentrations of chromium comparable to concentrations found 
in the upper reaches of the Piscataqua River resulted in a 
reduction in filtration rates. The degree of toxicity is 
dependent on the nature of chromium uptake by the bivalves. 
Under natural environmental conditions, Mytilus edulis L. 
maintains higher filtration rates and accumulates greater 
amounts of particulate matter than Mya arenaria L. Diffusion 
of chromium and ingestion of particulate matter with high con­
centrations of chromium are important routes of chromium up­
take in Mytilus. but only uptake by diffusion seems to be of 
any importance in Mya. The reduction in filtration rates is 
due to an impairment of the ciliary mechanism of the gill, 
particularly of the latero-frontal cilia.
It is concluded that the sediments of the upper 
reaches of the Piscataqua River present a stress situation to 
the resident bivalves, particularly to Mytilus edulis L. Con­
tinuous exposure to sediments with high chromium concentra­
tions may result in reduced growth rates and a decline in
157
condition of Mytilus populations. The recent suggestion by-
Thompson et al. (1973) that chromium in a soluble oxygenated
_2
form (e. g., CrO^- ) may be released from sediment to oxy­
genated waters would increase the importance of uptake by 
diffusion, and reduction in growth rates of both Mya and 
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